Cyanogenic glycosides are present in several economically important plant foods. Amygdalin, one of the most common cyanoglucoside, can be found abundantly in the seeds of apples, bitter almonds, apricots, peaches, various beans, cereals, cassava and sorghum. Amygdalin has been used for the treatment of cancer, it shows killing effects on cancer cells by release of cyanide. However, its effect on bone structure has not been investigated to date. Therefore, the objective of this study was to determine a possible effect of amygdalin application on femoral bone microstructure in adult rabbits. Four month old rabbits were randomly divided into two groups of three animals each. Rabbits from E group received amygdalin intramuscularly at a dose 0.6 mg.kg -1 body weight (bw) (group E, n = 3) one time per day during 28 days. The second group of rabbits without amygdalin supplementation served as a control (group C, n = 3). After 28 days, histological structure of femoral bones in both groups of rabbits was analysed and compared. Rabbits from E group displayed different microstructure in middle part of the compact bone and near endosteal bone surface. For endosteal border, an absence of the primary vascular longitudinal bone tissue was typical. This part of the bone was formed by irregular Haversian and/or by dense Haversian bone tissues. In the middle part of substantia compacta, primary vascular longitudinal bone tissue was observed. Cortical bone thickness did not change between rabbits from E and C groups. However, rabbits from E group had a significantly lower values of primary osteons' vascular canals and secondary osteons as compared to the C group. On the other hand, all measured parameters of Haversian canals did not differ between rabbits from both groups. Our results demonstrate that intramuscular application of amygdalin at the dose used in our study affects femoral bone microstructure in rabbits.
INTRODUCTION
The maximum tolerance dose of intramuscular injection of amygdalin is 3 g.kg -1 bw in rabbits (Song and Xu, 2014). Amygdalin has a stimulating effect on the growth of skeletal muscle cells (line C2C12) which is dosedependent (Yang et al., 2014) . However, the impact of amygdalin on bone microstructure is still unknown. Therefore, the aim of our study was to investigate the effect of intramuscular application of amygdalin on femoral bones microstructure in adult male rabbits.
MATERIAL AND METHODOLOGY
Adult male rabbits (n = 6) of outbred line P91 (Californian broiler line) were used in the experiment. The animals (at the age of 4 months, weighing 4 ±0.2 kg) were obtained from an experimental farm of the Animal Production Research Centre in Nitra, Slovak Republic. No. 1/2016
Males were housed in individual flat-deck wire cages (area 0.3 m 2 ) under standard conditions (temperature 20 -22 °C, humidity 55 ±10%, 12/12 h cycle of light and darkness) with access to food (feed mixture) and drinking water ad libitum.
Clinically healthy animals were randomly divided into two groups of three individuals each. In the experimental group (E), adult rabbits were intramuscularly injected with amygdalin (99% purity, Sigma-Aldrich, St. Louis, MO, USA) at the dose 0.6 mg.kg -1 bw one time per day during 28 days. The second group (C; n = 3) without amygdalin addition served as a control. All experimental procedures were approved by the State Veterinary and Food Institute of Slovak Republic, no. 3398/11-221/3 and Ethic Committee.
After 28 days, all the rabbits were euthanized and their femurs were collected for microscopical analysis. Right femurs were sectioned at the midshaft of the diaphysis and the segments were fixed in HistoChoice fixative (Amresco, USA). The segments were then dehydrated in increasing grades (40 to 100%) of ethanol and embedded in Biodur epoxy resin (Günter von Hagens, Heidelberg, Germany) according to the method described by Martiniaková et al., (2008) . Transverse thin sections (70 -80 μm) were prepared with a sawing microtome (Leitz 1600, Leica, Wetzlar, Germany) and fixed onto glass slides by Eukitt (Merck, Darmstadt, Germany) as previously described were assessed using the software Motic Images Plus 2.0 ML (Motic China Group Co., Ltd.). We measured area, perimeter and the minimum and maximum diameters of primary osteons' vascular canals, Haversian canals and secondary osteons in all views (i.e., anterior, posterior, medial and lateral) of the thin sections in order to minimize inter-animal differences. Diaphyseal cortical bone thickness was also measured by Motic Images Plus 2.0 ML software. Twenty random areas were selected, and average thickness was calculated for each femur. Statistical analysis was performed using SPSS 8.0 software. All data were expressed as mean ±standard deviation (SD). The unpaired Student's T-test was used for establishing statistical significance (p <0.05) between both groups of rabbits.
RESULTS AND DISCUSSION
Femoral diaphysis of rabbits from the C group had the following microstructure in common. Primary vascular longitudinal bone tissue, as a basic structural pattern of rabbit's bones, formed the endosteal and periosteal borders. This tissue contained vascular canals which ran in a direction essentially parallel to the long axis of the bone. Near endosteal and periosteal borders, primary vascular radial bone tissue occurred (mainly in anterolateral and anteromedial views). It was created by branching or nonbranching vascular canals radiating from the marrow cavity or periosteum. The middle part of the compact bone was composed by dense Haversian bone tissue with a high concentration of secondary osteons. Several secondary osteons were also observed near the endosteal surface (especially in the anterior and posterior views) (Figure 1 ).
Rabbits intramuscularly administered by amygdalin (E group) had different bone microstructure in the middle part of the substantia compacta and near endosteal bone surface. For endosteal border, an absence of the primary vascular longitudinal bone tissue was typical (mainly in anterolateral and anteromedial views). Endosteal surface was formed by irregular Haversian tissue (characterized by occurrence of scattered secondary osteons) and/or by dense Haversian bone tissue. In the middle part of substantia compacta, primary vascular longitudinal bone tissue was observed (it extended there from periosteum). Also, no secondary osteons were presented there. The periosteal surface was composed of primary vascular longitudinal bone tissue (Figure 2) .
The results of qualitative histological analysis in rabbits from the C group corresponded with previous studies Therefore, the absence of primary vascular longitudinal bone tissue near endosteal surface in rabbits from E group can be connected with intensive endosteal resorption due to amygdalin administration. Generally, skeletal system is a dynamic organ and is constantly undergoing remodeling, which is enabled by osteoblasts and osteoclasts ( Our results also showed increased periosteal bone apposition due to amygdalin administration which can serve as a compensatory mechanism to enormous endosteal bone reduction (Szulc et al., 2006) .
Our results showed an -non-significant effect of amygdalin application on cortical bone thickness in male rabbits (1085.15 ±145.54 mm and 1053.90 ±153.17 mm in rabbits from E and C groups, respectively).
For the quantitative histological analysis, 196 vascular canals of primary osteons, 98 Haversian canals and 98 secondary osteons were measured in both groups of rabbits. The results are summarized in Tables 1, 2 and 3. We have found that intramuscular application of amygdalin significantly affected sizes of the primary osteons' vascular canals and secondary osteons. Primary osteons' vascular canals and secondary osteons were significantly lower (p <0.05) in males from the E group. On the other hand, the size of Haversian canals did not differ between rabbits from both groups.
Rabbits injected with amygdalin had significantly lower values of primary osteons' vascular canals. This finding could be connected with a negative impact of amygdalin on blood vessels which are situated in vascular canals of primary osteons ( mentioned that deoxycorticosterone application stimulated vasoconstrictive effect of norepinephrine and angiotensin II in pigs. Based on these findings, we assume that the significant reduction of the size of primary osteons' vascular canals could be associated with these aspects. On the other hand, non-significant changes in the size of Haversian canals were observed in rabbits from E group. It is generally known that the structure of primary and secondary osteons is different. Secondary osteons and also Haversian canals are surrounded by a cement line which is not found in primary osteons (Currey, 2002; Martiniaková et al., 2013b). We suppose that the cement line is a main reason for different results in histomorphometry of both canals. We have also found significantly lower secondary osteons in rabbits from E group. It is known that collagen type I 
CONCLUSION
Natural plant substances like amygdalin are still a major part of traditional medicine. However, its effect on animal and human organisms is still not clear. Our results demonstrate that administration of amygdalin at the dose 0.6 mg.kg -1 bw one time per day during 28 days induced changes in femoral bone microstructure of rabbits. Primary vascular longitudinal bone tissue was not found near endosteal surface. On the other hand, it was observed near periosteum and also in the middle part of substantia Calcified Tissue International, vol. 87, no. 3, p. 226-235. http://dx.doi.org/10.1007/s00223-010-9393-9 PMid: 20614110 Bai, X., Lu, D., Bai, J., Zheng, H., Ke, Z., Li, X., Luo, S. 2004. Oxidative stress inhibits osteoblastic differentiation of bone cells by vol. 314, no. 1, 
